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Abstract of JP20031 78984 

PROBLEM TO BE SOLVED: To provide a 111 
group nitride semiconductor substrate with low 
defect density and with reduced warpage. 
SOLUTION: A GaN layer 2 is formed on a 
sapphire C plane ((0001) plane) substrate 1, and 
then a titanium film 3 is formed on the GaN layer 
2. Then, the substrate is heat-treated In an 
atmosphere containing hydrogen gas or 
hydrogen containing compound gas to form a 
gap In the GaN layer 2. Thereafter, a GaN layer 4 
Is formed on the GaN layer 2. 
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c msm 1 ] mii^±izm-<Di 1 1 mm^m^miiimi}^ 
m-<7)ii mm^m^i^m<D±mzm-(r>i i mmitm 

i)^h^j:^Tvmm±tz^Hm^mm-i>xmb. T^m^ 

ms-^m^imLxm^-eoi i mmm^m^m'piz 
^f$.imm-^j:mb. mi^Km(7)±mzm-<7ini 

m^(:.ixt:.Timmtfziif^-cr>iummim^^wm 

i!)^i^^j:tTtmu±i>z^mm^mm-i>T.mt. sm^' 

imm.im^mi^m'i^tz^mtrmm-t^Tmt . frte^ 
mf^co±mzm-cr,u mmim^mi^m^mm-^T. 

immm4 ] m^±(,z-m-coi i imm^m^mi^mn)^ 
i}^h^j:^Tm^±i,z±mmt:m^'t^jMb. BtriaT 

'pt.z^m^mm-tumb. mm^m±t>zm-(^ni 

*^h^:^Tm.mm.±iz±mf^^mm.-t^i:mt. mm^f 

m LT lift Em-co 1 1 mmtwmwm^\,z^m.^mwi 

■thbbiy ^zmii-^wm<r>mm^mt-ti>JMb . mne 
Mmnzf^z.<r>nmm.imji^wm ^ffM-r-s>xM 

b. ^^ts:Lb^W^b^hmmm.im^W.Wl^(^ 

[it*Ji6] mim2ib's.5^<^^mztmcr>\\m 
mAm^\i^mwL<r)mmj'tk^zi5 ^ . mmi:m Ltz 
^s. ^WM^tzimitLfz^mmzm.fm'Kijm^^ 
ix^:ib Sr!^ i: -r 2. 1 1 1 ^mi^wm.<^^-)3 



m.\m^wmL(r>mm-)fmzm^x. md.±m,m^. 

^tsz b t:m^b'^hmmm.itwmw.msi<7im&-)i 

imtma] mim2nm6\,^-rtiMzmm<7)ium 
m.<m^wmm<7)mm.i}mizii ^-c , mm^mm^. 

i9mm9i m^2Tjm.8\^-rtii!)Hzmm<oum 

m.im^mi^mm<7)mm.ijmizi5 \> ^x . m~(7^i 1 1 mm 
^m^mwm^:m^Lfzik. frfs^a^^^c^ 

M-fL^ n^vi Huia^iB^ Srx -y^y LT mflBTifia 

[ft^Ji 1 0 ] m^m 1 j^ss ^^TrLMzsm<7)i \ \ 
^im^mi^mmcr>mm:f3mizB\>^x , m-<Dum 

m^-r^nn^'noz b trmLb-t^ni^im^m 

nmm 1 1 ] mM i j^^s i^-rft*HciBijj<7)iii 

mim^^i>^m^wmtfztk. ^Ptsrw-rsiir 
iB^-coi I mmim^i^mizm:ht:Mz.ntmi>zm 
sdmmmirmm-t^T.mtr'^t^z b ^^mb-r^m 

im^m 1 2 ] m^m i t^s 1 1 v ^•r^^*H^fe«^7)I i 

^^^^^■?xi^^mf&L. mmau^^J^mmbL 
xms.mn^iij:r/mm'?xi^±^zummim^mi^ 
miJ^^i^'^i^^ji^^^^-^^T.mxh^zb ^mib 
•t^ 1 1 immim^ii^mm<7y^:tjm. 

[ r»7RJS 1 3 ] If 1 T^S 1 2 V ^t^*H3f E^coi I 

immim^i^mmcomMirmizts^yx . miei^-^oi 

I iStS-fbifel^S^^ilc^/S^*^' 1 M mi;l±.X'h ^ i: 
fSi: -r^. 1 1 i;^S<tti^f*:«^oS3Ji:&j£. 

[ m^m 1 4 ] m^m in^i3\ ^i^tHzmmM i 
mmim^^i^mm.<7immijmizf5 \,^x. mMm-t^ 
I ms.^m^^m^. g a n , a i g a 

I nGaNi;t{4I nA I GaNTi5SC:i:Sr#m 

[ if 1 5 ] imm 1 1 4 V ^•ri^*Hcf e^oi i 
mmitm^mi^msL<om^-^tzt5\-^x . m^-coi 

I I SlS-fl:%l^«:ii<^Je^^5&* 1 0 n ml^JLh 5 m tlTT 
ftS c: i: SrltiSt-r-S. II ifil^-fbife^lisffiKi'iMjt*- 
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im^m 1 6 ] m^m i nm 1 5 v^-m*HcieK<^ii 

[fS^JS 1 7 1 iS^JS 1 6 \ztm<r>\ I US^-fLife^S 

^^mt^. (000 1) m^fz^t (1-100) mx-h 
I im^im^i^m^izmm^m&-tt mmt: . i o 

O'CtU: 14 0 0 -CJilTO^ajgT-lf 3 i: 2r!^i: f-S. 
1 1 1 SiM^tiii^f^SM^T)^:^ . 

[ffi^^S 1 9 ] if*^ 1 1 8 V ^-ri^;&H^lem<OI I 

\mm&ii^mmmri'^-ymizii\^x . m^-<n\ 

im^m 2 0 ] ifisR^ in^i9\ ^-mMzmm<^i i 

it:^x<7)m-^^:^^^^ ur^tr^i: HiriBH— com 
J^-ftii^^^ftg ^j^Bitt- ^ c t ^wmi: -r-si 1 1:^ 

im^m 2 1 ] 2 0 icieatoi i i]^-ft;!f^#^ 
imm<onm-^mi>zt3\,^x. mm^^^0TytfMzinfi, 

7i<.m(r>^^m.tiiti^msmx' 5 %a± 7 0 %iiiT-cs> -s <r 

[»^^2 2] m^±izm--conimmm)^mi^m 

m:/}-i^^j:^Timm±iz^ m-coiummim^i^m 
f^m^^ixtinmm-fm^immx'h'yx . me^ 
-01 1 immim^mwm t mMm-<7)i i mm-im^m 
i^mtcomz. ^mmttzit^mm^tmti^ift^L. mi 
m-cou imm-im^^i^m<=i>iz^m.i3m-fhtitiz t 

m^rn 2 3 ] ^:iS 2 2 tcfSticoi I 

[fi*3H2 4 ] mi±.i.zm-'(^m^im^wm 

m-f}^t:>^j:^Tmmu±.iz. m-<r>inim.-\m^mwm 
im^^ixfz\\mm.im^wmm.xh-^x . msm 
-<7)\um&'^wmw.m^^z^ ^mmmm^x'2 

0%12A±9 0%aT<r>^mi}imfii>tLfzZ t 



im^m2 5 ] m^±i,zmm^ts^mi¥mt. 

±.f,z±W,^^tzii.^^m.imbifim.i't^ixX^£^T^ 

«±i;i 1 1 im.it'm-mwm ^m^ttz^k. mmTtm 
m.^^.^-t^ztizj: omf^ii^umm-itm^im 

[ 2 6 ] m^m 2 5 izmm<r>i 1 1 mmitm^ 

[imm2 7 ] if*^2 27bm2 6\,ymi)Hz§eM<o 
1 1 mmim^ii^&w.izi5 v ^x , mnB^-<7)i 1 1 

[000 11 

mw<m^Bmm(j^^<mmj^izm-t^h<r>xhh, 

[00021 

( I nGaN) . m-it:^''J'^J^TJl-S.—'yj>^ 
(GaA 1 N) ^i:(7)GsiN^t-^m¥^mi. 
3t^-Y?f-K (LED) ^Ix— r-^-fTf-H (LD) 

*»tT, m^'ry<-(:^mm'7-^<7)mmm^i:>ikt'ixy>^ 

[00031 G a Ni^-fl:^4^#cji. ^<;U:^1^^Bf&^ 

tix\>-^\>^. m&f£i<mm^^tLX\>^i>Ga.Nm.M:m(o 
mmit-^yT^TX'hK>. m^^-*ryr-(rmm(r)±iz 

^m^mmM^M:m (MOVPE^) ^Srif-CGaN^rX 

[00041 -9-7 r-<T«M<±. GaNh^S^Si!C*-'P 
^^fzl^. Vyr^TmmLl,zm.mGaN^^M^itfz 

ib. •^yr^TWSLkiZ—BiSMXAl N^GaN<7)^< 

m.^^m^$-^x^^i^^cr,±i,zG aN^m.M:^-^^ijm 

*i#^$ix-CV>^ (#^BS6 3-188 9 8 3-f-ii;f 
^LbX\ G aNc7)m^B%xb-^'df i^^/n^-ftjiBTt^c:;^ 

£7)W4*DMi: i> Lil< , G aNiim^i^Xm^r^LX 

^tzt^i^m^it^, tfz. m^xit. ^yr^rt 
G a Na^^=f-^m.\,zmm i^x^.^'thx^m^m^as^ 

WL-thimtLX. ELO (Appl.Phys.Lett. 7 1 (1 
8)2 638(1997))-^. F I ELO (Jpan.J.App 
LPhys. 3 8.L1 84(19 9 9)) , ^>'f-'^Xb':5'4r 
V— (MRS Internet J. Nitride Semicond.Res. 4S 1 .G 
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3.38(19 9 9)) ti^-yfz^^mii^mS^ilXti 
[0005] 

[^mijmikLXot-thmm'i elo^fielo^ 
ti, mmiz^*)*^^-ri>t. n'ommzmmt^witi 

^y^xm^j:t'lzii\>^X. mmi.z-7^^J^:^-yimt- 

mcommmizmtiix\^:i>, mza. xfmmA'i& 
a* L ^ ±m^ G a 'ti^w^(r>^mmn\.zm l 

x'GQ.H<r>wm:. ^maj.z^'f'a^'^^^i^-DV^^ 
-eof*a:^^i^*tTGaNcog:ia«^^#^:& 

r tfiic:^ L/cGaNS:X-y^y ^T^^ S Sili 

mmx'immizm^-ttifmhK^i^ti,x^^i>^K mm 
(r)im.x&m(r)K *) i}^m:k t . mmmitix Lto^t 

■h^h 0 , m-mtiZim-yX ^ ^^V ^. Jpn . J. AppI . Phys. Vo 
1.38(1 9 9 9)Pt. 2.No. 3At;:{i:. ^yr-iTmWJ:. 
tHVPE^-CGaN^ff<«:i:$-tt. -e^^f*!^— T- 

^^v^x srsBj^ LT . G a nmti^^mm^^ hi^mtm 

-fimt LX. !ttI12 0 0 0-0 1 2 9 0 O-^^fgtcti, 
G a A s afiOilC H V P EffiT'G a N 2: J¥< Blt^aS -fr . 
^(Ty^kG a A s »^S:X y ^ >i?'T1^*-r S 

T\ ;»cffiOG a N«:^^».Si^56i-C#S GaN|S 
H^B^^fftGaAsa^A^^Ji-^LTLiVK GaN^lat 

Astii:^^tLxmxLxhtoty^^ommifihh. 

:t.\^i?^'^^)VWL^Gan(r)Xmmm.^mzi<t, ±M.co 
F I E LO<7)J; 3^:. J^^——yy^flfz~^X'^^m\^ 
hWR^m'^^Xh 0 , !^BS^ 10-312971# 

<ii:mm<7)nwm^^ixx^^^i:^. wsi^^mi,zmmt 

[0006] 

[il5S2:«?;^-r^3tA6(7)#a] ±iaVWtc:il^*^Bj 



[0007] ^%mzxmt. mm±.^zy^-<r>\ \ \wm. 

§ x^i: . Htrieis-oi I mmwmwm<r>±.mz^ 

[0008] ^fc^^mzxixii. mn±.^z^—<r>m 
I'^im^wm-h^h^j:^ Tvmwit<,z±mm^m'^ 

m{m^w.m^iz^m^mm-hJMt . wm±mm 
<r)i.mzm~oynmm.'\m^¥fm^mm-hJM 

[0009] t.fz-:^%mzxtnf. mn±.^zw.—(r)Ui 
\im.im^if^m-b-h^j:^Tv^ms±.f<z^mm^mm. 

m Lxmi^-coi 1 1 mm^m^mi^m^iz^m^m^ 
•t^jMt. mi^mm<7)±mzm-cr)ums.it^^ 

[0010] tfc^^mi-zMf. mn±izm-cDui 
mm^m^i¥mi)^i^^^rimmiiz^mm^mm 

^tsmm%^x'm%^'rmwm:m.m^Lxmi^-<^\ i 
mm.itm^^mMzm'^.^m^-thJMt . tuis^ 
mm±f.zm-<^\ ummim^w.mimm.-thJM 

[0011] t.fz^mRt,zMi. m^±.^z^-<^\n 
mmm^mwmt-Wi.<<'r^ixtzTmsm^fzitm-<^u 
ii^itw^wmi}^(>^j:hTW^t>z^mm^m^ 
-r-sx® t , mm:^'x t. tz\mm%:-^it-^:^:^ t A<.m 

Mzmmimm-h}^t {>\izmi±nm<rmm^m.^tt 

hunt. H5iB#mM±tci^xcoi I \i^m.im^wm 

[00121 ^tz^W^mzXtiii. «w±icm-coiii 

wmm^mw.mM^i t:.ixfzTi'mwLtfz\i^-<n\ i 
\mm.im^^m-h^i=>^j:hTvmwi±i>z. m-cr>\\m 
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h-ox, m-<^i I immim^i^m t mz.cn>\ i immt 

[0013] 2|s:%BJ{cJ;n{f s a*f±t::lil-C0I IIJKM 

mm^w-Mt-^ ^ts:h T«&*is±(c . ^-(r> 1 1 1 t^g 

[00141 s awJitcigpf: Sr#tf 
fd{k. BtffSTiteS^^l^i-r^ i i: t J; Otf'^n^ ii i 

[0015] 3|s:f|Hjc^8?jt:&Si3t>v%T . mm^m^ 
[00161 immt. 'm^-.^^-thm<nkmz.\\m. 

[0017] ^-t;:. XPfi^^JK**®< . 

hm.^^m^-ti>i3^^x'h^, 

[00181 H-K. n(^ixh^imWL<r>W.*)^Wm 

^■r^mi}m?*-mmtLxmm\^. rmsfi^trn'o 
1 1 1 ^mi^wm t (Dm^'mm^Mmmm.iz 

[00191 ^Htc. »K<^IM?*^S^t-^f ^ ^ hy&^T' 

izTmmsLt:mi:X'^ ^-b^i^x-hh . 

[0020] SP^:^Wri.iicO±tCG a N/f^rJ^fiJc-TI. 
S^Sri: tT. ^2 0 0 0- 2 7 7 4 3 5#^#g(;. T 

^cOJ; 9 ^SPti: f ^ t J; 0 . S^i^^JSim;?)* J; D 



[002 11 nii^-fi:!<^!)^®#Ji4't:iSPI':s-J^^-ri» 

{i\ S;^Sr^^i-lCigSlT'#l.tgiti03gPf«S:. 

mmth^hifix'^i,, 

[0022] 

[0023] ^^y^£}£<r>^wmt. ^—<r>\\\mM.Vc 

■wmw-<n^^wm%Azm^fth ^hx\ ^<o«B*^'a 

mm-^%^-^h\\.-^ii^^MK-th:Lbx\ 

W.^^-ti>h\-^o%^^m'>X\^h. -eLT. f-^'V 
Jftflc^Pt^rJ^I^-r'S.oSrffijftSfcPl^t^. ^<7)±(:!:*§ 

V 1 1 ^im^m-wm srx ^ x a- 

[0024] #JS)lS:lt«-ri.#^J4, 

^flfc^aiiti, -e^O^BAi^fflt-, A^oS^^H^H 

m.-^xmM'^h^bif'^mx'hh, ^m-humm.it 
^^w-m^(r>xm^m^i&.m-hfzisbi,zi,i.. ±w,mx 

iimA\L^ixfz^mMcommf.z^ 'mh^j:fs:f}-i^-iz^^ L 
xm^X\>^^:fjtfiX\^m^i:>hh> ycco^Ji, 
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•(±, 7 0 ox;m± 14 0 o'cia.TioiajS-cff dz.t*m 

^fv:, 1 4 0 OX:iJUiT-«mi!i£SM^I:Xri) '^i^Jle?) 
fS!i^>»**jS*JlC3t^TL. ^mM'fkll**iiJlSf LT 

T 1 1 -5 0 s #«M-fl:^«Ht G a N iHUm L-C ^Jt 

LT. MBE& (^^imxb°:5'=^>'-&) . HVPES 
YWm.md 'Sri:. «^ iO:ti«^*dffl-^ 

^ii:*^"^tgT'?>^. iii)!^-fl:!t%i*»*coi3i:a:K^ 

#Si^^A6cOJ?Mnil^-fl:!|^5^^«sfi£:RtC{4, HVPE 

<, w^^%h<r>ifim-W,xt>i>f^^xtbhifi. mocv 

«s0^aA-'fife:SLtc< (,^«MT'S>ix{f J: < , S i O2 ^ 
S i Nx 5ri:S-fflV^5.Ii:**T§l.. 
[0026] ^m^^Zii\,^h^IL(n\\mmiM^W- 

Xmm-^ ^ !> , ^?S14X?"X{i N 2 . He. N 

e. Ar, Kr. Xe. R n<?5i!'-^< i: t> 1 ^Sr^tf 

[ 0 0 2 7 ] 'J T)^'Xt LTSS^^'cO^vS'tS^J X 

[ 0 0 2 8 ] HI 7 m-<r)ummim^mi^m^ 

C0*g^t^l.XiKn y^>';/;i5^-r (XRD) <7)^m 



< , m^Bizmti<^ b I. < ^1. . ^ ^ u r xfx 

^^ttijiz. mm^'i^i>iz^<^h. ^<^^oiz^ ^ 

^vT:^':^^iZ7i<.m^'ti^^:iti>zx'o . m-<Diim 

m^iS^^ztt^X'^t. niz^ =3f^'jr*'x4'<^)?K 

mK-^&tfi 5 xiiitxi^^om^m^ti. -A^-^^m^^ 

< '5roTSIfflW{3ta»=5rSi:GaNffi«*i#<?> 
[0029] VXtib^i^ . 'J T;*'Xtt>07k#il-&**»' 

im—m.t^^m^}^x'hh 1 o%iiJiJt-c?)i.co*w^ 
r-s i: , m-<7yulim■ml^^ti^m^^zmf&^tltz^ 

a^-c- 7 0 %ijiT. i 0 if * t < {± 5 0 %j.:jit-c*) 
[003 0] ttz. m-(oiummimm^m^-t^m 

m^izmtitim^fs.^^-^^z bi^T^i>. 
[003 1 ] ^^mi>zis\,^x , mmm^coi>co^m>^^ 

^^LbifiX'^h. tzbUt. ^yr^r. i^u^y. s 

ic, ^y:^^^}-. Au Ga.Asm<7)mmtmxm 

GaN. A 1 N. A 1 G aNmcOlU^-immm 

^H^B^ftffiti. 7^^i:;ctt' ( 0 0 0 1 ) m^fzit 
{1-100) mb-t^Zbib'^Tt^t, (0 001 

fz^mm^^^'^x. A:^B^H^^^>(o 0 0 1). iL:fT^B^ 
^^>[i 1 i)tt:^[6jciEiii)-r-i.J:3tL. mm'oizMm. 

®<7) G a N a: tr ^ ^ v-v C fflmSSSi: -S) ^ 

*iCfai3&>^> 1' m[*I<^:t7^li:-r^ii:*WiLV'>, 1 

Ni7)#$Sa ^ 3!)<T'g= ^ < ^.S* 

-»f:7T-<T (1-100) ffi^fllffl-rS^t>|3I« 
iz. :!tyfHil' &.\*ib-t^Zbi}mtL\.^. 

[0032] ^^mi>zioif^Ti&mLii. a)±^Lfz 
miti±izm~(ouimm.'fm^i^mi}-mn^titzm 

Mb-t^> 

[0033] {iXnMWmb LXli. ^yr^Tm<r>m 

mtimm^±iz. mic. GaNi&m(,^^<'yyTm^ir 
LXG8iNMm&mt:m^Lt^i>(ni)mf^tL^. t 
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(i\)<7)Mi^mtLXl±. GaNSASK^Al Ga 

i ) coTtmwLX'ii . ^-coi I iBMim^mi^m'peom 

[0034] 3|s:|f&BJ^3^^v^T . m-cDuimm^m^ 
f^mam^ <7)^mi¥m t^^at t^x-^ * o a n . 

AlGaN, 1 nGaNtrzltil nAl GaNft^^i 

m^izmmytmzmmx^ . ^ti. ^^mmmmij^^ 

[0035] *i%B3tct5u-c . m-'<7)iii^'{m^m 
t^m<^mM±. T^-bxcoff^mzi-^xmsimR^tL^ 

tiK *fiL<{±l 0nmJii±. 5;uml,:iT. J: L 
<{i2 0nmJJLh. 1 ^immTfT-l*. ClOj: a tC-Til 

i}^x^^. w^-bm-t^'ht. mf.^mm-hJMx\ 

mjmijmmsf^TT^i^-iz^j:^ zt-b^h^. 
[0036] ^^^mztn'f^^mmii. aT<r)^f¥i:m 

[00 37] {i)rmmmcr)m\^\i^ismL. ^mmh 
^\<^i^c7)m'fmmi^ziimmim^i^mi}^im^z 

Tm.mu±.x'f^^BjkX'hfx.mo 0 o i ^m)J\^. 
±-}i^m.'^ixmi 1 im:fi\^\.zm^x'^^zttfim. 

[ 0 0 3 8 ] ( i i ) ^msskh -s. V ^(4-eioa-fb!t?jii<^sii^. 

izts\,^xm<^mm^^-:>ztii)n'^ ^zt, 
[0039] (uim]s,m$>?>\'Mi.^<^mimm±izm 
m-coi imm-ftm^i^mc^^^iM^izisif^ 

[0 04 01 (iv) ^mmhh^^ii'^<^mitmmi.iz^ 

^■th i^~<7)i ]mm-im^mti^mco^^^s>Mizt5\^ 
X. mim^iii'^^(7)WM:^'^. f&-^mm^:^'x (r 

^t-&tl^j:^^Zt. 

[ 0 0 4 1 ] $ ^tc. mfz-tZti)mt V 

X. ik<r>zti}mft>ti?>, 
[ 0 0 4 2 1 (v) rm(of^-(oi 1 1 mm-im^i^mc^ 

[0043] {Mi)^mmhh^^ii^<rm.immh^^'t 



$\i^zt, m-^m^^ti^i 5%aTX'h^ zttmt 
[0044] {v\\)^wMitiii^<7)m<mmt . mz. 

[0045] zti^co^n-imtz^^mmt -ri. c 1 1 
ct 0 , D t:^-!^i,zmm-th z t <7)x^ 
^lim^zmm-^ z t *^'-c-# -§> . ztLi^cD^n^^mfct 

W^^-kmfz-tmmx-hKM. ZinJi^M^iZ. 
[00461 ^EISSrJ^JRL. *3g;5r;^*!^cti**trW 

[00471 ^JSI^O/P^ti. $f*L<lil;r/mmT, 
J:'9*f^L<{i3 0 0nmJilT. fttif*L<(il 0 0 

ixtimzmmM<n^m.mmti:t>ti. m^xi,t^<r>±.<r> 
m-(r>\ I i^^wmwmizxmbm^ Ltzo.ut^ 

±mm<r>rmiz'^^-^ximizmmi}^^\'^i)\ i^tm 

0. SnmJ.Xhh-f'l.. 

[00481 ^mmmfum. m~<Dui^n:mmi*i 

I.. ii^#fii!!iat;J: 0 . ll-fOiii]^'ft:!|^##f!|cJliO 

^^■ii-izmmx'^ hmm(r>^m^ . ^^mzmwm^ 
[0049] mmmmmi. *«;^'^^7"^{i*«#fl"-fL 

[00501 SDSSfflmi: LT^i, ^'mir'^tiM^^:^ 
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•b<Ty^~rtR\t^L. ^mmLf.zmi^m^h ^ t tfih 
ry'^~r<r)m.-^:^xi,mt.h<m\^(:>rLhti^. ry^ 
[0051] ^.mmcotzi^mjmit. »^ u < ? 

OO-CKLh. X ^ lii-t L < ii 8 0 0'ca± ft iSiM. 
hifi. GaliWMm<r>^. 140 0*ClilTi:-r-Sii: 

[0052] ±mm^mit-thtzih<^msm^^^^<nm 
^bm^z'^o^^. m.'^<r>fz»><r>m!mt. 500^ 

[00531 ^-<r>mwmm^mwm<rimmit. 
[0054] :^%mi<zii\^x . m-<7)\ I imm^m^m 

AlGaN. I nGaN^fcti I nA 1 GaNi:-r-S>i 

[0055] m-<r>nimmim¥^mi*im(r)m^it. 1 

M ma±xh hzt^mtL\i\ ^mm'fmmmizim 

w.m<r>^mm^zit. ^<r)^mizi:>fKifi^\^mffiixh. 
w^^zmt'>xm.mmz\m<^£hif. 

[0056] 2|s:|6H3tfcUT . m~<^\ I K^-fkif^^^ 



[0057] 2ls:^BHt-j3l,'>T. ±mm:.izm-(r>um 

^(r>ma^t:^MmmtLx . ma^iixx/-?:^^ 
xmt-r?>ztt)n'^h, zco^oizLt:^^. 

ELOh iJmi.:^^^. 7r-fc:vh*ijiSr 

F I E LOi: itf 

[0058] :*:^QBtc*3v->T, m—er>\umm<m^m 

dzti>x^6. ri\&mm^m^-r^:trmtLxi±. s 
x.mmiz±iiTmMm^mmt^ifm. ^^fi^ttzii 

[0059] 

immmi w.t. mmmi,zi'o^^mi^i=>izmmizm 

[0060] *i6Ml 

cr>mm^mm^^fzi^cr)i:mmmmim2iz^n^. 
24 y^(r>Mmih^yT^r cm ( (ooo i ) ffl) » 

WLl}dl.Z^ MOCVD&T. TMGtNHg ^WMtL 
X, T^F-rc7)GaN®2^4 0 Onmfig^RLfcS^ 
Sra&t/:: (112 (a) ) . ClOGaNxtr^Jf ^--v/P 
mL±.\.z, ^^ym.3^2 0nmmmL m2 
(b) ) , C:fl.^MOCVD!Fl*FtCAilT, Sr2 0 
t/i A r <7)MM4''r\ 1050''Cx20minc7) 

mm^kmi^tz m2 (c) > . m^nx. 
^^'ymsi.izTMGhry^^-T^mmtL.x. lo 

5 0*CTGaN«4S:2/Am^:KLJt (H2 (d) ) . 

vj.nzi:K> . mnz7^-tmmm^mmwwm%(:>rL 

[0 06 1] tLhc7)j:3t=LT#ii>fl.fcGaNxe^^ 
Tmt:-frLX^MLtzl^^<DG a Nxu^'df i^-v/l^® 

v^i.>ih^?ii2.L^, ^mmmxnhixtzmm.coxmm 

im^^'il-^tztZ^. GaN(0 0 0 2)Hinit^c7)FW 
HMti. mmMi^<r>t'ZimmLXij^2 0 0 sec. 
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■[0062] ^mmmxi^i^tifzmmcomm^0.^mti 
^m-cmm l . mmmm±mzi:>ti t t- -y h <7)mm 

SraS^ Lfzt^^. 4X107 ^i/cm2 ^ ^^^tc^P-^ 

[00 6 3] :i(nmm(nRr)(7)mm^^m^Lfzt:i 

aSft^s- y 7 r Ji LT G a N $r 2 /X m)S*-r-S. i: . 

^mmx-m^ixtcimni. ^^t^^m^zm^x:^ 

[00 64] ^tfo^^rffjo, ^c7)mm^ sEMx-mm 
Ltztz^. vyT-(TcmmLi±iz^m^^i-^G 

^^LTTifi^G a nmAtliim^ixXy.^hmikiz^j:^ 

x\^hzti)mmT^ti, sEMtcisBirB^iem** 

^»aj L/^ G a N S 2 ' c^2gPt^Ji*5) 5 0 %-C^> r> ti , 
i{±, ^O^R?.Sr*-r'SGaNM2'«0:fr-^ttcJ:-Si><0 
[OO6 5]|IS£0IJ2 

HMM 1 izti\^x . G a Njg 2 • tfo^iitJ&J. mm(^m 

>imT.mxnM^rLX\,^i. z t ^mm-t^fMz. mm 
m 1 1 mm<r>ijmx'^^ ym s immLfzmm.i>zm^ 

X. ^<7)mm^sEMxmmLfz, mmm<7)SEMm 

m2'^t,z. mmm i x'mm^tifzh<7^tmm<Dm§j3i 
mm.^tix\>'>^>it imtsx' ^ti, 
[00 661 usseajs 

*ll]|fiM^I^»r®ll^ll2{c^t-. m.m2^y^^m 

mi'm>)-yr^TCmmmi±iZ^ MOCVD&-C, TM 
GtNHs ^mmt LT. ry ¥-T(0Ga.Nm2t: 2 
0 0 nm^^Ltzmmt:mMLtz (112 (a) ) , Cl<7) 
GaNXt°^'dfi^^;PS^Jtt;. f-^y^3S:2 5nm 
mmL (132 (b) ) . ^ixSrMOCVD^f^tcAix 

H2 $-2 0%M-^L7tArOMSI4'-C% 105 0°C 
xiOmi nc7)|St{!!MS:ML^^ (112 (c) ) . #H 
^;^'XS:N2 tcmi-T. St:: 1 0 5 0'CX3 0mi nCO 

P3±tCTMGi:T:^^-r^iI^i:LT, 1 0 5 O'C 
TGaN;i4Sr2;^mfi£;RLJt (112 ( d) ) , 
[00 6 7] m±i7)J:d(cLT»^>ilfcGaNXtf^=Jf 

S E MS^tC J: 0 . 1?-:7 r >f Tmitizim^^^-^ y 7 
r /i 5: ^ LT LfcBtl^cT) G a N X tr ^ i^-T 



V^^^i:?r5Si2L^. 2ts:||5fie?iJ-Ci#^>ix/v:ffi«xOX^|Hl 
f»nffl^§:^rr>fv:i:^'?>. GaN(0 0 0 2)MlfllMiOFW 
HMJi. S^I*IiOi:i$rjB!l^fCt$^l 80 s e c . 

^7t. x4siHit)fay^-{i. mt^-^yn i dm^ 
if^tix\.^hzti}m%rc^tz. z<DW&(r)!^^(^&im 
Ai-c-^ T V ^ !> ; t tmmx'^ fz . 

[0068] *lliififiFijTl#^>tt^S«S:S'J 0 , >e<^{Bfi5 

^ s E MT'Si^ Lfztz^. mmm i t mm^z , 
laiK^n-rid^, -9-7r'frsig±t:^i5t^^-ri.G 

aN®2-#^)0. ^cr,±cr,m.-it^tlfzi-:^ym3m- 
LT¥ffl^G a NJI4 *ittS[$tl.TV^«.|f Jttc^roT 

[0069] C:<50fi)c;:g^$r 1 OdlSKOjBL^f-^Jti:^:^ 
^M^^m^^t^iitz, 

[0070] mmm4: 

^mmmcoj:mmmmim2i,z7jk-t. m.m2^y^com 

m^B^yT-iTCm&1^1±t>Z^ MOCVD^T\ TM 
Gi:NH3 ^^mtVX. rvH-rc^GaNii2^5 
0 0nm^:gL7t»^S:fflSL?t (112 (a) ) . Z(0 
GaNxe^'dfi/^;p^^t. ^^y^3i:30nm 
mmL (E12 (b) ) , ^nSrMOCVDrrttA^l. 
-C> H2 8 0%+NH3 2 0%<?)M^^4'T, 105 
0°CX3 Om i n<r)m9m^mLtz (112 ( c ) ) , 51 
tm^. imrrt-C', ^;5'>'M3±tcTMGi:ri^^-r 
^Jl*4i:LT. 1 0 5 0'C-eGaNS4S-l ;Ltm^:ftt 
fz (02 (d) ) . 

[0 07 1] i^lhcOi 3tCtT#^tL:'iGaNxt^:3f 

s E ummizx D . -9-7 r ra«Ul^^®^a^:R^^' -y 7 

rSSr:frLT^:RL^Bt#OG a NxtTiJ^df^i^^;!/^ 

tZ^. GaN(0 0 0 2)ffi[at/ftfOFWHM{4. 
rtiOifC:$ra!l^L-Ct)*«Jl 80s ec. 

[0072] *^)Sfe^J-C^#^>*l3^cS«c7)^S^0^S:;'3 

ffiii^-cffl^L. mRmm±mzhfz'>xt;vh<7)mm 

^Wl^bfztZ^. 4x1 0 7fll/cm2 i:, imiz^J'-^j: 
< . ^Sa^attOSV ^G a NM^^^^mtimhtLX \^&Zb 

inmLtz. 

[0073] z<r>mL<D^^<7)^m^^m^Lfzbz 

h.^2 3mb. imfiZ^m:mWfiX^X\.^hZbifi 

mmx'tfz, 

[0 074] zcomm^wi^. -tcTymmisEMx-mm: 
Ltzbz^. mmmibmmiiZ. mitzm-xo^. ^ 
7 T ^ rmu 1 ±tcsp^^*-r-i. g a n^i 2 ' o . 

^<r>±.<7)mit^1Xfz^iS' ym3 $:^L-CTffl=5:G a 
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•[0075J Iltfiffi|5 

USSCT 4 -Cif *l7t G a N X t° 5^ ^ ^ H V P 

E*P|*|t:Aix. GaNJi4±tC, $^>(CGaNiiSr 3 0 
OumimVfc. ^mzm^^tzW^ii. NHa tGaC 

[0076] HCDmm^ . ^^bh^SSi: 5SigtOii^?g4' 

C7)±C7)G a NS*^'i"J/lfc 0 :7 ^ -7 ^7 A^A ■& ^ t ^ < . 

[00 7 7] ftf^^X/cGaNm^^B^^cTJKO^, 

L, mm.mm'^mzhtz'yx\^'-yh(7)m^^m^Ltzt 

Z^. 1X10 7 ffl/cm2 t$^miz^J'-^j:< , i^fHttCOi^ 

100 7 8} m&me 

t^&^yr^Tcmmmi±iz. MocvDjS-c\ tm 

GtNHg ^/gJptfctr. r>'K— r<7)G a N«2^ 3 
OOnmJt:SL^C*^^ffl»Lf^ (1^3 (a) ) . ZCO 
GaNXb'r^^JfS^-^/l'SKit-. ^^>'M3S:2 0nm 
(1113 (b) ) , itL^HVPErrtlCAtLT. 
H2 8 0%+NH3 2 0%<7)il-^8g4'T'. 1 0 5 CC 
X4 5mi nCDW:mit:mVfc (03 ( c ) ) , 

Piri^r. ^^>-M3±lC:NH3 i:GaC 1 SrJ!^f4 
t L. S i H3 C 1 2 2rK— >'N*>'hi: LT, 1 0 5 O'C 
TS i V-y°G aNMAirS 3 0 um^^Lti (03 
(d) ) , 

[0079] m.M:<Omt>':>tl^l,Z 6 0 O'C^^i^ 200 
'Ct.X'2 OX^Xm i ncOj^J^TJ^aif-S. i:V^agftSf^Sr 
i^OigtJDx/::i:CI'!>. r>f Tt GaNi:«^iJ5g 
^ifcHtc^H LT . SP^:^ W-r & G a N ® 2 • 

ff$3 3 0;umOGaNJl4;&\ -f^r^TS^l 
35>ii>i!lStL/c (03 (e) ) . 

[0 0 80] fiJilL./cGaNJi4<7)SH{i. (HI055«^L 

i-^fziJK ztLizmm^nLx. ^-s^yms (s-ft^n 
x\.^hi,<D^^ts) ^^Ltztz^. mm. mmth 

\,Z^mf£. Ga.li<r>^±mi^t:'i%^Ztti<X%tz (03 

(f ) ) , 

[0081] ±iei:|5l«c7):^^t«aifSrS!^;c/::« 
^SriPl^lA^'^UXOajL. ^c7)aiiH5:SEM-C'S^L7t:t 
C:-?), GaNM2'<:0SRj^{±, 6 0~7 0%fc^:->T 

mt^^yd 1 i)(7)misi\^-9ifwm^ix. GaN® 



[0082] mmm7^mmm(Dxmsimmt:m4 iz^ 

■r . its 2 >f >'^<?)mMa-9-:' r TCB««R 1 ±t= . 

MOCVD&f. TMGtNHg ^-/^^i: fC, T^K 
-:r(7)G a Nil 2 3 0 0 n m|S;;R L/camS-ffla tJt 

(04 (a) ) , ^fiOGaNxb-^-JfWyt^S^it::. 
f-^'y)13S-2 5nm^«L (04 (b) ) , Ztl^m. 
f^mzXtlX. H2 tNHg ^^^t:M-&UcSfflM 
;<rxom»E«4'T\ 1050°CX20mi n (7)^11 
L^wf^, #H^;<?X$rN2 Ht^l 0 5 0'Cx 

3 0mi niOmm^mLti (04 (c) ) . 

[0083] F I ELO'a$-ffl«'^TGaNJi4iO 

^:R&^f->!^^. a^tcSftcvDStciOS i O 

0, S iO2Mlc<ll-2 0>i:Wlc:xh9'frt^c 

(^m^miff. a'fi:^^yji3^istt5$-ti:. ^x^5^?^ 

^L/^ (04 (d) ) . m<0mt±3Mm^ -?X^?50i|S 
(i7/xmT-ib-&. ::cO«^S:MOCVD^|*ItCAtl.. T 

MGtNHg ^mmt Lx. mmm^ 1 0 5 ox^x'G 

a.um4i:4jJ.m^-!^Ltz (04 (e) ) , GaNfi. 
It tibm^iomit^ ^ ykiz yr^'vV^Wy^l^taifih 

OGaNil4i:^-:>/::« \%hfd-zG^\im^^n^\^9^ 

^WXzhfZ'yX\^-/V<rmm:W&V.iiL}iZh. 2x1 
0 7 1I/cin2 )^im\.Z'Mts:< . IS^BttOiSi/^GaN#$S 

[0 084] ^JS(?IJ8 

2|s:||SfefflJOXgBrffi0Sr0 5 tCS^-T. *-rSIM0iJ4 PI 
«tcLT0 5 (a) ^-C'c7)I@$rm\ GaNXb^Jf 
^^\)VW^^Wz. yi:V%T'^60±lC. iiCVDatCctO 

St^iO. S iOs Jlt^<l l-2 0>fcTm=Xh9 
^r^iO^SrPtt, GaNJi4$-Sai$-tir. VAi?5S: 
J^filtLTt (05 (b) ) , ^iOlS{i3/im, -7X^3<7y 
mtl urtiX'tyh. c:coa«$:HVPEn*lt;:Ati.. G 
aC 1 i:NH3 ^WMhlrX. GaNife?: 3 0 O^im 
Bg*L/c (05 (c ) ) , ^ft^mi. Sff. a^iSJ^ 
lOSO-C-C. )S*ji^{i8 0jum/h-C'fcl., GaN 
\t . ti ti6.^a50G a N±t :7 r -Ir -y h $r J^^ L^S:?!^' ^> 

^^GaNii6i:^ofv: (05 ( c ) ) . 

[00851 %(^fvfiwm:. ^-fbK^Kfc wm^m,-^ 

m^^z\m \^tztzh. m^^fvrz^9 3 

tc:x>y^^^^$ix. GaNJl4fcJ:t^6*<, SiJix:^c»3:7 
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-5(d)). 

C 0 0 8 6 ] f#^^iX/::G a N^^H^aS^iO^ffl^iS^I^ 
jgSrii^LJti: ^ , 6X106 fflg/cns fc^^^fciJ.-:^: 

mmmt me (a) ) . ^cr)±izm-(m±<7)fzi!b^z^ 

m9t:mmi 0-2 0nm-C^«L;t. 

[00 883 ^<r>mm^MBEff (^^^S^B^^^r) 
^I^ZXtl. 7 0 0°CT«g±lCGaNji4 0^2 u 
m) ^fi!c:RL;^c (116 (b) ) . 

[0089lMBEr*»^>KOm L^v»«^ 7 >y -ft*^ 

Ltitz^. i"^>m3 tmm'^f.zj:. 

iOO 90] n^tttiGa.NX.}^if^>'^)Umi±. ^CO 

tt<r):wcii^Mmizmx^tifzmm.'^wfm<r>fzib 
izK'jij^^^K. mm^i^mmttztmrnza-jumz 

[0091] ^itmiit±mLt:mmm(r>m^t(7)im 

^fc^srs fc ti^izK^ifi^mzmm^ti^^hti^mty 

Mz^-^tz, =5rt5, liLht'iJiBBLAclltSCTl-8t^i^v^ 
GANJi4C7)^^0^^'jr;4rxb LT'^^Un/A 

[00 9 2] ||Jfip>l9 

m^m^yr^TCmmLl±lZ^ MOVPEi£T% TM 
GtNHs ^Jlftt LT. TyK-r(50GaN«2$r5 
0 0nm)SftL3t««^fflSL^C (Ell 2 (a) ) . i*: 
fc, C:«OGaNXf^df:i^^;Uam±t=. f-iS^y^SSr 
2 0nm^«L^(lll 2(b)). CcOTi^^^L^tS 
«^OXStlHl*f«ISIS«^ll8t:S^-r. GaNXU:?='f>' 

^f]^mm±x\ T iifi[ooo i]iji^izm^Lx\'^i>m 

-r^ 2 5 L/::H 2 M»iL4'T\ l 0 7 0°C x 3 0 
[00 9 3] iJt, -ecO^ffiatrnffiSrSEMTS^L 

i: ^ ^. , ^ix-ettiii xonijfmwt 'momm.z 



Vi^—y'-<m.>V-tf:'jW^-^zm^ ^Ti3 0 . Tifit^G a 
Nii2fc{i8g$-5 0 ^ um<r>^mS^X:%X . m-yfc:^. 
:ft?^<7)GaNJi2<7DTB^T, f-^' i^M3*-'^;c 4>iXTV^ 
I.J;o=5rBrffitS3ST^)&(iai 2(c)). BfrffiSEM^S 

$■HVPEFt^Ai^, GaN®4S:3 0 0/;tmlft«L:^c 
(HI 2 (d)). Bg:g(Cffll,^7^^J^i|£|{iNH3 tGaC 1-C 

ti. -en-fit. 8x10-3 atm. 8X10-2 atmX'S) 
B^:R{±«JE-C^fV^. fig:KaS{i 1 0 4 Ori: L^. 
^^'Jr75rxfcLT{iN2 SrfflV^/t. N2 Sr^-r'Jr^y 
Xi: LTfflV^|>c7){i^||:^|^])S;^^f£jiLTTtfii7)GaN 
« 2 cr)m$.ifim^ie.tlX L^o<0 ^rmK'fzibX'h h , 

■v'JT;**';^fc LTN2 . Ar. He^i:'C0^^S14;^?A2: 
^ffi^aogJgOffSi: LT^R(fGaN®^2 
OjumfeKfig;RL. i>:tc:^-\'Ur;<f>?.S:H2 t«JO# 
;t. ?l#M#GaNM^fi!c«LTJ?llGaN®4^#^ 
Clht-Ci^S. H2 ^-r'Jr^XT<:Ofi)c«lCi>tt-S«*& 
j^J^ifiOGaCl^ffi. NH3 *BE?r-en^n, 1X1 
0-2 atm, 2.5x10-1 atmi: LT LT 
30 0 A£m<?5ff$tCB!(:*L;tGaN«4^ffi{i:, "T^ 
■CN2 ^-^ ')r:^X^X'M^rr'ifz^\,zitmVXm 
S^^Si^WM^®^ 7*0 i^'i^SJ^A^m n^c, G a 

yr-ircmms-iij^^^mzmmL. Ga.ncr>^±M 

mm^ixtz (HI 2(e)) . 

[0094] nt>ixtz G a N m±mL<rmmit. nmz 

^m.x\ mmmmniiifsKyiwm^^zx^ . ^yr^ 

t^j:-ox\>^tzt^mmLfz, ^L(r>mL(oxmmmmm 

^trofctCl^. GaN(0 002)®. iiXWd 0-1 

o)HcoiHisf<50FWHM{i. mmmf^cot'zim^Lx 

ii-tti^'ti. mi 2 Oarcsec. , 1 5 Osec. t . ft^fC 
i^^j:m^^^LX\^h:itifim%X'^fz. 

ih>ixfzGa.nm^^^m<^K'o^m\mLtzt mm. 

cO^0«7)ft*^5{i*^;4mi:. Wni>z^m:m^-X'^ 
■c I ^1. c: i: immx'% tz . ta!*o:tr^-ci>-7 r -i rmWL 

±tCGaNSr3 0 0/^m^:R-r-|,i:. ^^OK 0 i?) 

ft^^@(i*«?5 0cnih^.ScoT. *StcJ:Ot#^>itSG 

"S. tfc. ni^ixtzGaNS±mm^mL4<7^miiL^& 
^MM. ^iM.-^m ( 2 5 ox;) tMf4Sr?iL/^i^ 
^tf^tlfoXvf-t y hX-mmLfzfy<. 1 X 1 07 cm 
-2 fc^^^Cii'->5r»'^ii:*^'W^L5t, if.;. il^H^J^ 
StMT'^fficoe -y hc^l^jgS-SiJ^ Lit fc C: 6 . 
8X106 ll/cm2 t , i^miZ^}i-^j:< . ^^Btt<7)]«V^G 
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[0095] m&m 1 0 

^0#^^-tf7r^TC®S^l±{C. MOV PES 
X\ TMGfcNHg ^mmt LX. GaN®2Srl;um 

^MLtzmm^mMifz (lai 2(a). ^<7)GaNiii 

^JRPt)^3^2 0nm^*L(llll 2(b)), ^ 
tl^m^lZXtlX . i^'PX. 8 5 0*C, 2 O-i^^c^ 

?Emm^^fi. ^^ptmsizii^ 
ayv^ X(7):;<tmf&^ixfc (m 2 (c) ) . 

[00 9 6] C:c73jg^B^HVPEjFfcAix, GaNJi4 
Sr 3 0 0 mttffl L^^ (0 1 2 (d) ) , B)t;RtCffll^/ciI|Jt 
tiNHs fcGaC IXh^, tfz. «^if&;«fX't»iOGaC 

l^EE, NHa^EJi, ^tl^tl. 8X10-3 atm, 
8X1 0-2 atm-e^l,. E!t:g{i:ffiffiTtfV\ fSi^W^^ 
(±1 0 4 0X:i: t/^c. ^-rVT:^'XtLXltArim^-^ 

ti>x^h. tfz. mmm9 tmmiziitMzN^ , a 

r. HG^h:(^^mn:^'X^^^UT:^'XtLXm^\ 

T:(fxt,zmK)mt. ^\^m^mm<^m^^xGaNm^ 

2|c||]teMT-{i2 5 0jumJP<7)GaNJl4Srf£:RL 
7t , G a Nil 4 {ifiStSI^Tf^iOP^iaiSStC 1=3 1 ^T?SPfJl 
$J«t-9-7r-<TC®«Kl>^;^ibS^t:iJjglL. GaN 
<7)SAK^*^»'^>ti^>: (Ell 2(e)) , 
[0097] nt^iltlG a N g A^c^^BW, ^miZ 

b^'yx\.-^^zb^imLti, ^:(/mwi<r>xj^mmmm 

^'il-yfzt:!^. GaN(0002)ffi. t5j;lX(10-l 
0)BO(HltlfiOFWHM{i. «:^F*lcOi:CS:jiSLT 
t-ett-fil. OOarcsec. 1 3 0sec.i:. SMX: 

^>ii,;tGaN#ife8^BaMoRo^. iiSLJth^^. a 
fi^o^ 0 (7>mp^mm 5m t. ^^miz^^^j:ms.ti^v 
■^x\>^^:ibimmx'^t:. mk<Di3mx'^yT^rm 

comm^mim5 0cmt^h(r,x\ :^mzx'omi>>tLh 
GaNm^ii. ^(7)K^)iji±m^z{SMX'^x\^^h tmz. 

tfz. 'i%t>tifzGaN^iL^^mm<7)mimm. 
^, mmm. ^m^t-^m (250-0 ^zmm^mLtim 

m% ^ tlfz:^ y ^ f y N "Cffi^ Lfzi}<. 5 x 1 0 ^ cm 
5X106 <i/cm2 t , f^^t:^l'-^< , f5^Bl±<7)^V^G 



10 0983 HSfieajl 1 

*l%BBc*^A>€,-||Sfe09$:, 01 3$-fflv^TiMBJ-ri.. 

[ 0 0 9 9 ] mi2 ^ yi-cos^m^B^y r ^ Tcmm^ 

1±{C. MOVPEST, TMGtNHg SrlE^i: L 
X. Ganm2^3 0QTim^^Li-zmWL^mMLtz 
(01 3(a)) . 

[0 10 01 c:coS^±(c. iiic VDjSCJ: OS i O2 
HSrO. 5/tmt6«t, 7 :r h 'J V^/^^ >f Xg{:: J; 
0 , S i O 2 )^t< 1 1 - 2 0 > i:^tf h ^-f 
O^S-IBtt. GaNM2S:Sia3$-«:. ^X9 5^m^L 

(HI 3(b)) , ,^<75ifi{i3/im. Si02'7:^:J'5 
«Di|i«i:7//mT-ib'2>, 

[0101] J:<5DGaNxtrrJ?dri^^;u^_htc:, f-^^ 
y)K3S:2 5nm^^L(iai 3(c)). CiX$:HVPE 

tPrti^A^xr. N2 i:NH3 ^m^^zu-^Lfzwrn^.^ 
x<r>m^^^x\ \ o3o-cx2o-!rfmmm^mi'tz 

$ (^i,zmm%A'x^H2 ^zmi-x. i o 5 o-c 
x3o^m<Dmm^mvfz. z<rM^. GaNJi2ic 

{4s^JK(^SPa*^'f6^ L (H 1 3 (d) ) , i-^ym3 i±S 

-ft^tLTT i Ntc^-ftL, mrnhzii^ri^uycmM 
i^:Kim^m.\m^^ixti. mw\f^x\ Ga 

NJi4^3 0 0//mi|IWL7t. ^^Rt'fflV^itJ^WfiNH 
3 i:GaC 1 X\ ^^r'^JT:ffXb LTH e SrfflV^/^, 1* 
*&;y;?.4'cOGaCl^^ffi, NHs^ffii, ^tl^tl. 8 
X 1 0- 3 atm, 8X10-2 atmTa5-l) . 
fifl\ E!c:K^J^Jil 0 5 0'Ci: Lit, GaNtt, {±t:a6 

ffiS:SfOGaNJi4i:^o3t(iai 3(e)). ^^Ur;iir 
XbLX\t. Ue(Dmz. N2 ^Ar^i:c7);f:vg't£7yx 

e , N2. Ar^i:'CD^^tt;>!ir;^Sr^-^»JT;^'Xfc LT 
^:^5rfi=V^. «l:^rai^«T'a«^^iSSrSo^f^. H2 5: 
#^f^•^';r;^fX$rfflV^T, ma<7)JS$tT'GaNSr^ 
^^■^i>Z.bt^X'^i>, cntciO. fi!S«affic7)gSfi£ 

r4TW^i}^ih^m!t.zmm.Ltz{mi 3(f)). IHML/c 

G a x^mA(om!&(^m{h^w^-ti>fzib\,zmm^mL 

X. ^^ym3 (mit^tlX^^^iy<^t:'^ts) , SiO 

2 ■7Xi7Sr^OGaNJl4(73— gBS:^*L7ti:::6, ^ 
ffi, K®i:i>t¥a^. GaNC7)&iLmmt:n^Zbi}^ 

■C'Sfcdai 3(g)). 

[0102] #^>ix^cGaNii3i:»Kco^ffl{i. 

w-iBx\ mMmmmisj:v^sEMmmizxK). -9-7 r-r 

GaNmbimtx, mm^^^ixi2}±.coB:ii}^j:mm^m 
b^-yx^^hzb^muLti, z<r>msL<oxm®mm^ 

t:n-:>fcbZ^. GaN(0002)M, 13<J:V(10-1 
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ii-^tl^'tl. *t)6 Oarcsec. . SOsect, ^ifC^— 

lCGaNS-3 0 0xim^:g-r^i:. -eoS^cOK 0 

Nfi^Kti . ^cCOK 0 *^';*c1@fc<£MT'# T i: = ;c ■& . 

esiBsji^jR ( 2 5 0-c) ^zmm^mvim^nh 

tLfz:r. -y^b--y hT-||^L/t*^\ 2 x 1 0 s cm- 2 ti^ 

[0 10 3] mmmi 2 

GaN#MB^H««^7±t, ^^'y^3$r2 0nm^«L 
/v:(014(a). (b)), C:iOffi«tSr^^|*ltC7ofLT . T 

>-^-TS:2 5%?t^-^L7tH2 m^+T. 1 1 0 O'CT 

3 0 ^^(Dmxmim Ltz , -ec7)a®s.uTBTffi s: s e m 

NMm^BW^7lZim-^ 5 0 0 n mg)g(7)|gpf:*JT'# 
-C, Xv^^2/$iX-rt=S^/v:H:ft?^«OGaN^SO 

to 1 04] :iiv^UVPEmzMl. GaN«4S:3 
OOu mtrnttz (H 1 4 (d)) . ^*tCffl<,^fcJ[lW{iN 
H3 fcGaC ITfcS. tti^ tt*&;*rX4'<^GaC Ij^ 

NHgrii-Eti, 8X10-3 atm, 8X 

10-2 atrat'fcl., f£:R{i:SST'^TV\ J^ftiSJKtil 

N2 i:^^'jTA':^t Lxm\>^^<oi±m:fjfbifmiim 

LTTtifcOG a N Ji<50ffiP^:*<Sy>ii* ixT L ^ d 
<?ta6TS)^, N2 <5^ft!ltc:t, Ar. He^ireo^vStt 

{fGaN$r2 0/im^JgjS*L. JJ^l:!^ -v 'J T;<?X 2r H 
st^O^X. §IS=M#GaN€rJ^:Rt-Ci?!lGaN® 

4 Sr#l. i i: t -e^ I. . H2 =5?^ 'J r7!fx-C'c7)lS:^t:ii 
ft-l.tt*&;5'X4i<7)GaC \jfK. NH3 ^ff^-eix-f 
il. 1X10-2 atm. 2.5x10-1 atrntLTI — 
^/Wi: LX300um<r>m^(,Z^M:tf:iGaNm4mm 
it . -r^T N 2 ^ ^ U T;ffX 4'T'E!<;«^ /t^^lcib 

ti. f^^mm. ■ mms^-^mizx -yxr i nsst 

J^ y^yyLtzbZ^. GaN«4*^'GaN#^a«« 
7*><c.i<JilL« ff^v:^GaN^0#^S^£«^3&s^#^>^^/c 
(014(e)) . 



[0105] ni^ixtzGaNs^^^Bmmc^mit. 
iz^is.x\ mi&mm^iiXx/sEMm^izx*). ■>ryr 

■i r»&i:{cffi?afi)c«^-<-y 7 rm^i^LX^^zLtzm.-^ 
C7)G a N il t itISt LT . |5]^;6>-e^U':l±C0ft»^lSffi^ 

^t:'{7^tzbZ^. GaN(0002)®, HiX/ilO- 

1 o)ffi<7)[iiiff<?5FWHM{i:, mwm^^c^b'z^m^L 

Xi^^tl-^tl. ^5 Oarcsec. , 7 Osec. b . ^^T'^ 

a^GaN#«grB»^OK0S:}l!l^L^i:::6, a«^<^ 
K 0 <7)ft^i|i@{i$1j8 m i; . i^^tZ^&^mUil^X-^ X 

\^^zbtf^m2X'^fz. mB.mmwii,z0:\<^cr>it. Ttt 

mmbLX^yr^T^b'^m^^rz^bm^j:0. 
[ 0 1 0 6 ] if^. nhtlfzGaN^i^^gmUcO^iiLm 

m^. m^m. ^^is.-^m ( 2 5 o°c) izmm^mtti 

m^ii>ttrzx. y^i;>y hX-mmVfz-AK 7 x 1 05 cm 
- 2 ^ ^^aiCi!'-'5r < . ^^B't4«7)m,^G a N#^^«*i 
#^nT V ^ S C i: &5iig L^^ , 
[0 1 0 7] HMtFlJl 3 

m&2^y^<7)mmrBV-yr-(Tcm^i±i>z^ mo 

VPEjfe-C-. TMGtNHg S:il^i:L-r. T^V-y 
c7)GaNii2^300n m(£* 1 LJt ( M 
12(a)) , <J:lC. i(0GaNa:b°:5'df x^;p^_h 

iz^ ^^ym3^ionmmmLfzmi2{b)). z(r> 
mm:nm.'^\hiz7^x . rv=^~r^ 2 s %m.-^ Ltz 

Hs^SS'+'T', 1 07 0'CX30mi nCOf^iitfUaSrSfeL 
tz . ^JtS L/cS^cT) x^[sIt»f5ilSS-^T o i: i 

m9\,z^i.tz<nbnmiz. TiN<7)iniifft-i?*>'s 

^$ix, ^^>M3{i:(l 1 im\^\,zm^LtzT i^m 
\,z^t>->X\^i,:r.bij^m^^Mi. 

[ 0 1 0 8 ] ^ yt; , ^(Dmmm^wmt: s E ux-wm V 
fzbz^. ^tL^'ixmioisxi/mi 1 bmm<7)mmiz 

NJl2tC(igg$~3 0 0nm<7)^mn'^X, m-ofzE. 
nm<r>G a Ni|g^B«0]I^T. >jl3*J^i. 4>*X-C(,^ 
-&J:d^BTffl1iJiT3iS(01 2(c)), BfHSEM^f:^ 
*>'oM«t) o;^c^Ktc?)^?l^{i*!76 0%-CS>-:):^c, ^ix 
SrHVPE^FtAiX. GaNil4^3 OO^tmJtSLi^v: 
(01 2 (d)). ^:Rl:fflt^J^ci^mNH3 fcGaC 1 T 
hh. tfz. m^A'X'^<r>GaC l^E. NHg^E 
ii^ -eiX-fiX. 8X10-3 atm. 8x10-2 &tmX'$> 

m^i^tz, H2 fcN2 <r>m.^ijx^^^^)Tb Lxm\^h 
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[0 10 9] N2 COithOiZ^ Ar. He^ii'O^vStt 

1 2(e)) . f#^>iX3tGaNgASM<^*®{±, ^^StC 

[0 1 1 0] HI 5 1::, ^IIMmit'^ixfcGaNSir 
-9-7r-fr»«l*»ii>iHJSIL:tffitioV->r{i:, i-iS^^m 

[0111] mmm 1 4 

*:»6fi?lJtC*3V . G a Nil 4 J^R^^B^iO^-x- >J T^:X b 
LT. N2 twHs 2:1 0%M-^L3ti<:0^fflV^;t^2:^ 
V^T^MI^lJ 1 3 i: |BH«t: LT G a N gSiam^J^^ L 

0 2rWJ-ri.;i:**-Ci:-|.<, ^Oft^bOfc. Ar. H 
e^i:'(7):=F?gttX?"X$-fflV^T t J;l^. GaNS4^® 
{±. N2 ^^Ur*'xc0^^iT'fi!t;^^^To:^cJ®-^tcitS^L 

?fl^:ft>' s •/ 7 r JI 2:^ LX^M:Ltz^^coG a.Nmtit 

mtx. mm^^tLm±.<^mM^mmwk^-ox\^^^ 

zb^mj^Lfz. z<7)mm(^xm^tffm^^n-^fzb:i 

GaN(0 0 0 2)B. ±3J;?/(1 0-1 0)fflOllli)f 

*«J7 Oarcsec. , 9 Oarcsec. i: , ^T^SttS: 

^\^X\^hZb-b-W^X'%fz. ±fz. ^#<^5i^^GaNa 

ira«g<oft*^ji@{i*«j 8 m TS> 0 . tm^iz^mnmw 

%t>tLfc:ib¥hiy*'yfz. ^fc. i#*>ti:^GaNai:S 

«srj|fc«fBi. mtm^m. ( 2 5 or) T-xy^^^^t. 

^;g{i4 X 1 06 cm- 2 b^^miZ^J'-^K , ffilK^iCDGa 
[01 1 2 ] HI 6 2ts:3|}£|5lJTi#'bnf^GaN 

^mmt>zii\,^xii. mi 5X'^i>tifzm'^^<r>:^i^ 
mm Lxm.^yr^ rmwL 1 ^ mmLtzmim 

izm^-^^mxm^ ^mtimw^ ^tc^cD^xh^, zti 

{i, 'J rXfXifc^Tk^M^itrllMM 1 3 J; 0 tii 



I. ^ i: *^T'# . ^<r)±m<7)1^^i:^tifizmm- 
hZb ^^X^fzfzubb^x. ^it6 , 
[0 1 1 3] liUbai^^cllMf?iJl=fcV^-C«i:. ^^miG 

pSG a Nffi«c7)Mj§{-3gfflt-i> ^ b tT-# 

se:, v-y r ^ i^y h^^^^^^i^v ^ y^b<7)7t 
i&m^'^^ijmi:mm-t?>zbi>x^&. 

[0114] ifz. v;?.^S-fflv-»3tSJfM:gtcB9L. H 

f^^(7)m.'^mmm^<^m^b\ mn(r>^x9 

n'^-y<r>m^ti^^x. ih,ix,h, 

[0 115]iJt. GaNJl4^:^^<0=3r-^Ur/fXi: 
LT, H2 b^^'mii}:^b<nW^-^fiy^^m^hmi:W^ 
LtitK ittMz^A- OT:(fXb LXy[^iSitA'X<0^^ 
t:f:zimmmc^H2 $-irtfai-^;<f:^ffl^^TTtfii^GaN 

XtfOHs <^#*SSrJi^UtGaN;i4&iacS$-frT 

[0116] ^igB^icj: ^n(i>tihiut^im^m^ 

i: . :?:P(B^«<7)ffiv^S«^G a Nm^a*^'^#<^ix^ 
[0 117] 

mmco^^] i^^±mmLfzJ:oiz:^^mi,zJ:mi. 
m.\mim(^wm^wMvx\^hfz>h. \ST<n9mmh 
[0118] m-tc. x^mm-'&.< . 

^^hmifi^^m^mb\^xm^\^. yvm^bw.-(7y 

I I i]Ka-fi:!i%i^^#:« b <^i^=t'mM^^mmm.mz 

^thmTi-^mccthii-hX^h. 

[0119] mzit:, ntoixh^w^mmiwy)^^ 

I I I j^s-fi:!i%*^f*:« b (^^'^'mM^wmm.mz 
mm:fhm.7^^m^-thip^xtih. 

[0120] W.'EXZ. mm.(r>W^i}m^^Z^}Lhfz^. 

z<:rA\\^\m^\mb<rmz'^.^^^hmtHt 
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[di ] ^^m^zm^^i^mmcommmT$)^, 
[112 ] :^mmzm^^t^mm.<r>mM:fjmi^'txm 

[114 ] :^^mt.zi^6^i¥mm.<r>mm:}jmi^-rjim 

[115 1 ^m^izmi>^iiimL<?imM:m$:^-tj:n 

me ] ^mi^mmcr>mmyimi^^j:mimmT$> 
^. 

[117 ] :^^mizgkh^f>i:msL<7)mm<r)mmitmmM 
[08 ] mmm^zm^hy^umm'^^^^^^mxh 
[09 ] mmm^zan^y^mmxm^^k^yv^mx'h 

[0101 mm^zii\^h S EM|^|gmS:S^-r0SYt 



[0121 2|s^Bflttf^l.^*S«o^:^r&Sr^K-rx 

[013] ^wmmh^^im^(ni^-nm:^-tT. 

wmmxhh. 

[014] *i%Bfltcf^s##*ffi)Kc7)S5{ii:^^^^-rx 

[015] *3%BJ<7)||Sfif5lJ 1 3T'#^>fL^^G a N gilS 

[016] *%Bac?)mfeM 1 4 Tit'b^lit G a N 
:^«OBira5<:OM3^1ISt^^?KS-^-r0T'35>S , 

[017] ^-cOIII]^{l:!f%^^f*J^fiSB#i7)Jr^ u r 
^X4'c07j<^?l-^fi ( ) Xiao V ^ - 

r (XRD ) (r>^mmii.xfUiLWmm,')(r>m^^^ 

1 -'f7r^rCM ( (000 1 ) ffi) 

2 GaNS 
2'^^$'^rr^GaN® 

3 i-i^ymi^mptm) 

4 GaN® 

5 v;^^' 

6 GaNJi 
9 
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